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ABSTRACT

Introduction. Respiratory syncytial virus (RSV)
is the leading cause of acute lower respiratory
tract infection (ALRTI) in pediatrics. Preterm
infants are ata higher risk for complications. We
aimed to describe and compare the clinical and
epidemiological characteristics associated with
ALRTI due to RSV in preterm and term infants
and to establish the predictors of fatality among
preterm infants.

Methods. Prospective, cross-sectional study
of patients admitted due to ALRTI in the
2000-2018 period. Viral diagnosis was done
by indirect immunofluorescence or reverse
transcription polymerase chain reaction
in nasopharyngeal aspirates. Clinical and
epidemiological characteristics were recorded.
Amultiplelogistic regression model established
the predictors of fatality among preterm infants.
Results. A total of 16 018 ALRTI cases were
included; 13 545 (84.6 %) were tested; 6047 (45 %)
were positive; RSV was prevalentin81.1 % (4907),
with a seasonal epidemic pattern; 14 % (686) were
preterm infants.

Comorbidities, perinatal respiratory history,
congenital heart disease, malnutrition, chronic
respiratory disease, bronchopulmonary
dysplasia, prior hospitalization due to ALRTI,
and chronicneurological disease (p<0.001) were
more common among preterm infants; they
required more intensive care and alongerlength
of stay, and had a higher fatality rate (p < 0.01).
Congenital heart disease was an independent
predictor of fatality due to RSV among preterm
infants (OR: 3.67 [1.25-10.8], p = 0.01).
Conclusion. RSV showed an epidemic pattern
and affected more preterm infants with certain
comorbidities, with a higher morbidity and
mortality, compared to term infants. RSV fatality
among preterm infants was associated with
congenital heart disease.
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INTRODUCTION

Acute lower respiratory tract
infections (ALRTIs) in children
are one of the most common
reasons for medical consultation,
school absenteeism, complications,
and pediatric hospitalization.’? In
Argentina, respiratory diseases are
the third cause of mortality in children
younger than 5 years of age, after
perinatal conditions and congenital
malformations.>*

Respiratory syncytial virus (RSV)
is the main cause of bronchiolitis
and pneumonia among infants and
children worldwide.* On the one
side, most previously healthy infants
who experience an ALRTI due to
RSV do not require hospitalization
or, if they do, it is for a brief period of
time (less than 5 days).® On the other
side, some pediatric populations have
a high risk for severe RSV disease,
such as preterm infants and those
diagnosed with bronchopulmonary
dysplasia, congenital heart disease
with hemodynamic compromise,
neuromuscular disease, and certain
conditions involving immune
deficiency.>*!

Hospitalization rates are high
among children younger than 5 years
old, but they are even higher among
infants under 6 months and preterm
infants under 1 year." So far, there is no
available antiviral therapy or effective
vaccine approved for its prevention.

The assessment of the risk for
morbidity and mortality among
preterm infants is considerably
relevant for a timely decision-
making in relation to prevention,
early diagnosis, and adequate
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management actions. The objectives of this study
were to describe and compare the clinical and
epidemiological characteristics associated with
ALRTI due to RSV in preterm and term infants
and to establish the predictors of fatality among
preterm infants with ALRTI due to RSV.

MATERIAL AND METHODS
Study design

This was a prospective, analytical, and cross-
sectional study on ALRTI cases among patients
hospitalized at a children’s hospital.

POPULATION

Analyzed data were obtained as part of the
active Epidemiological Surveillance Program
(Programa de Vigilancia Epidemiolégica, PVE) for
ALRTI at Hospital de Nifios Ricardo Gutiérrez
(HNRG) in the 2000-2018 period. Data were
collected prospectively in an epidemiological
card of patients hospitalized in the clinical
hospitalization ward and the intermediate and
intensive care units of HNRG.

Inclusion criteria

All patients hospitalized due to ALRTI caused
by community-acquired RSV between 2000 and
2018 in HNRG were included.

Exclusion criteria

Patients hospitalized for a different cause who
developed an ALRTI during their length of stay
were excluded.

Clinical case definitions
An ALRTI" encompassed the following

conditions:

* Bronchiolitis: first wheezing episode
associated with clinical evidence of viral
infection in children younger than 2 years.
It referred to an acute and diffuse lower
airway inflammation of infectious origin, with
small airway obstruction as the main clinical
characteristic.

* Pneumonia: acute infection of the lung
parenchyma with clinical signs of invasion of
the alveolar space.

Viral diagnosis was done by indirect
immunofluorescence (IIF) or reverse transcription
polymerase chain reaction (RT-PCR) in
nasopharyngeal aspirates obtained in the first
48 hours of admission. Samples were obtained
using a K-30 nasogastric tube introduced through
the nose and submitted immediately to the

hospital’s Laboratory of Virology. Preterm infant
was defined as birth with a gestational age of less
than 37 weeks.

Sample size and selection

Patients were included by consecutive
sampling during the study period. A sample size
of at least 10 events for each outcome measure
was considered enough to be included in a
multiple model.

Data collection

The following data were collected in the
epidemiological card: date of admission,
demographic data (age, sex, place of origin),
clinical presentation (bronchiolitis, focal or
multifocal pneumonia or pneumonia with
effusion), prior hospitalizations related to a
respiratory disease, readmission due to the
same episode, comorbidities, perinatal history.
Complications during hospitalization and
clinical course (discharge, transfer to another
facility, death), treatment, and length of stay.
Comorbidities were defined as chronic or
recurrent respiratory disease, malnutrition,
congenital heart disease, genetic condition,
neurological disease, and immunosuppression.

The presence of any of the following conditions
was recorded as chronic or recurrent respiratory
disease: recurrent obstructive bronchitis (ROB)
or asthma, gastroesophageal reflux, pancreatic
cystic fibrosis, bronchopulmonary dysplasia,
recurrent pneumonia, and recurrent laryngitis.
ROB was defined as the occurrence of two or
more bronchial obstruction episodes.

As of 2012, the following data were also
recorded: gestational age, birth weight, number
of antenatal care visits, high-risk pregnancy,
smoking during pregnancy, and second-hand
smoking (World Health Organization’s criterion).

Seasonality

RSV season onset and offset were estimated
based on the description made in 2007 by
Panozzo et al.' Season onset was defined as
the first of 2 consecutive weeks during which
at least 2 samples tested positive for RSV and
the percentage of samples testing positive was
at least 10 %. Season offset was defined as the
last of 2 consecutive weeks during which at least
2 samples tested positive and the percentage of
samples testing positive was at least 10 %. Other
viruses were described based on their distribution
by epidemiological week.
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Statistical analysis

A general description was done in the first
place by estimating the mean and standard
deviation or the median and interquartile range
(IQR) for numerical outcome measures, based
on their distribution. The proportion and its
corresponding 95 % confidence interval (CI) were
used for categorical outcome measures.

A simple logistic regression analysis was done
to identify significant associations between the
occurrence of ALRTI by RSV among preterm and
term infants. A multiple logistic regression model
was developed to identify predictor outcome
measures of fatality among preterm infants
hospitalized due to ALRTI by RSV.

Outcome measures significantly associated in
the analysis of crude data (p < 0.2) and/or those
considered clinically relevant were added one at a
time; only those showing a significant association
with fatality (Wald test) were maintained in the
final model. The STATA /SE software, version 13,
was used for statistical analysis. The odds ratio (OR)
with a 95 % Cl was used as a measure of association.
The study was approved by both the Ethics and
Research Committees of HNRG.

RESULTS
General description of the population

In the 19-year study period, a total of 16 018
patients were admitted due to community-acquired
ALRTI of them, 13 545 (85 %) were tested for
respiratory viruses and 6047 (45 %) had a positive
result (Figure 1). RSV was the most prevalent virus
across the study period (81.1 %, 4907 patients).
Figure 1 shows the flowchart of case inclusion
and viral rescue. The clinical characteristics of
preterm infants are described in Table 1, including
gestational age, birth weight, and perinatal history
as of 2012.

Seasonality

The cases of ALRTI due to RSV showed a
seasonal epidemic pattern consistent with the
months of higher relative humidity and lower
mean temperature values: May through July
(Figure 2).

Clinical and epidemiological characteristics of
the study population

In the total population included in this study,
there was a slight predominance of boys (56.5 %),

FIGURE 1. Flowchart of the population of cases with acute lower respiratory tract infection and viral rescue

Total ALRTI cases included )
in the Epidemiological ALRTI cases studied
Surveillance R for respiratory viruses
Program (2000-2018) N n =13 545
n=16018

ALRTI cases that tested positive ALRTI cases positive
for respiratory viruses (RSV, influenza virus, for RSV

parainfluenza virus, adenovirus) —> = 4907 (81.1 %)

n = 6047 (45 %)

"

ALRTI cases due to RSV
- Preterm infants
n =686 (14 %)

- Term infants
n = 4221 (86 %)

ALRTI cases due to RSV
- Preterm infants

Fatal cases =20
Non-fatal cases = 666

ALRTTI: acute lower respiratory tract infection; RSV: respiratory syncytial virus.
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and median age was 7 months (IQR: 2-12); almost
two-thirds were infants under 12 months, and
42 % were younger than 6 months. In addition,
14 % (686/4907) were preterm infants.

Table 2 describes the clinical and
epidemiological characteristics of the study
population in detail and compares preterm
and term infants. In terms of complications
during the stay at the hospital, these were
more common among preterm infants. Table 3
describes the comparison of clinical course
during hospitalization, complications, and fatality
between preterm and term infants.

The distribution of the different clinical
and epidemiological characteristics of preterm
infants with ALRTI due to RSV is described in

TasLE 1. Clinical characteristics of preterm infants

Table 4, comparing fatal and non-fatal cases. The
multivariate analysis showed that congenital
heart disease was the only independent predictor
of fatality due to RSV among preterm infants
(OR: 3.67; 95 % CI:1.25-10.78; p = 0.017).

DISCUSSION

This study describes the characteristics of
preterm infants hospitalized systematically due
to ALRTI by RSV at a children’s hospital for the
duration of 18 seasons. Throughout the study
period, RSV was the most commonly isolated
infectious agent, without significant annual
variations. The most frequently affected age
group corresponded to infants under 1 year.
These results were consistent with those of

n =166 %o

< 28 weeks (extremely preterm infants) 6.63

28-32 weeks (very preterm infants) 27.7
32.1-36.6 weeks (moderate to late preterm infants) 65.66
Birth weight in grams (median, IQR) 2030 (1500-2500)
Antenatal care visits (= 3) 93.3
High-risk pregnancy 38.8
Breastfeeding (currently or up to 6 months old) 35.2
Smoking during pregnancy 11.2
Second-hand smoking 324

IQR: interquartile range.

FIGURE 2. Seasonal epidemic pattern of acute lower respiratory tract infection cases caused by respiratory syncytial virus.
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different epidemiological studies done in our
region.'>'®

RSV circulation showed the usual seasonal
epidemic pattern observed in temperate climate
regions. Viral circulation onset and offset
corresponded to epidemiological weeks 18 and 33,
respectively, consistent with the months of higher

relative humidity and lower mean temperature
values in Buenos Aires (May-July).””? Among
RSV patients, 14 % had been born prematurely,
similar to what has been described in other
studies.”!>152!

Compared to term infants, preterm
infants with RSV infection more commonly

TaBLE 2. Clinical and epidemiological characteristics of cases of acute lower respiratory tract infection due to respiratory syncytial
virus admitted to the Epidemiological Surveillance Program between 2012 and 2018 comparing preterm and term infants

Characteristics Preterm Term OR 95 % CI p
(n = 686) (n = 4221)
Sex (male) 58.2% 56.1% 1.1 0.9-1.3 0.28
Chronological age, months old (median) 7 (4-13) 7 (3-12) 0.22
Bronchiolitis 60.7% 61.6% 0.9 0.8-1.1 0.65
Comorbidities 56.3% 38.6% 2.1 1.7-2.4 <0.001
Perinatal respiratory history 46.7% 5.4% 15.3 12.6-18.8 <0.001
Congenital heart disease 8.4% 5.7% 15 1.1-2.0 0.005
Malnutrition 9.9% 3.7% 2.8 2.1-3.8 <0.001
Chronic respiratory disease 41.5% 28.9% 17 15-2.1 <0.001
Bronchopulmonary dysplasia 7% 0.07% 98.7 32.2-401 <0.001
Immunosuppression 1% 2.1% 0.5 0.2-1.1 0.06
Chronic neurological disease 7.4% 3.6% 2.1 1.5-2.9 <0.001
Prior hospitalization due to ALRTI 42.6% 24% 2.3 1.9-2.7 <0.001
Readmission 4.8% 3.1% 1.6 1.1-2.3 0.02

ALRTI: acute lower respiratory tract infection; OR: odds ratio; CI: confidence interval.

TasLE 3. Clinical course during hospitalization, complications, and fatality among cases of acute lower respiratory tract
infection due to respiratory syncytial virus admitted to the Epidemiological Surveillance Program between 2012 and 2018

comparing preterm and term infants

Course Preterm Term OR 95 % CI p
(n = 686) (n =4221)

Length of stay, days (median, IQR) 8 (5-11) 7 (5-10) <0.001

Intensive care requirements 11 % 7.7 % 1.5 1.14-1.95 0.003

Health care-associated infection 7.9 % 6.0 % 1.3 0.98-1.8 0.078

Fatality rate 2.9 % 1.5% 2.0 1.18-3.28 0.012

OR: odds ratio; CI: confidence interval; IQR: interquartile range.

TaBLE 4. Clinical and epidemiological characteristics, complications, and fatality among preterm infants with acute lower
respiratory tract infection due to respiratory syncytial virus admitted to the Epidemiological Surveillance Program between

2012 and 2018 comparing fatal and non-fatal cases

Fatal cases Non-fatal cases OR 95 % CI p
(n=20) (n = 666)
Sex (male) 50 % 58.3 % 14 0.57 3.40 0.607
Chronological age, months old (median) 4 (2-7.5) 8 (4-14) 0.290
Bronchiolitis 45 % 61 % 0.52 0.21 1.27 0.224
Comorbidities 60 % 56.3 % 1.16 0.46 3.02 0.920
Perinatal respiratory history 70 % 46 % 2.71 1.03 7.15 0.061
Congenital heart disease 25 % 8% 3.81 1.33 10.91 0.023
Malnutrition 25 % 9.4 % 3.2 1.13 9.22 0.052
Chronic respiratory disease 35 % 419 % 0.74 0.29 1.89 0.694
Bronchopulmonary dysplasia 5% 59% 0.84 0.10 6.45 0.860
Prior hospitalization due to ALRTI 50 % 425% 1.35 0.55 3.29 0.660
Chronic neurological disease 10 % 7.27 % 1.4 0.31 6.28 0.979

OR: odds ratio; CI: confidence interval; ALRTI: acute lower respiratory tract infection.
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had underlying conditions, including neonatal
respiratory disease, bronchopulmonary dysplasia,
congenital heart disease, malnutrition, and chronic
neurological disease, prior hospitalizations due to
respiratory conditions, and were more frequently
readmitted.?*%? In addition, they showed a
more severe profile and required intensive care
and a longer length of stay, as described in the
bibliography.?? In our series, the fatality rate
doubled compared to term infants.

Several studies assessed gestational age
and other socio-environmental factors as
determinants of disease severity in the first
year of life.’>'? Unfortunately, as gestational
age was not recorded for the complete series,
this outcome measure was not included in the
analysis. However, it is worth noting that our
population corresponded most to moderate to
late preterm infants and showed a high level of
adherence to antenatal care visits, a low rate of
breastfeeding, and a significant percentage of
second-hand smoking.

One of the strengths of this study is its
methodological design, a prospective active
surveillance based on robust epidemiological
data, a large enough sample that allows to draw
robust statistical conclusions, and individual
patient data. In addition, the recommendation is
to use IIF for the rapid detection and diagnosis
of respiratory viruses as the screening method in
the pediatric population. This is a broadly used
method because it is a simple, quick, low-cost
technique with high sensitivity and specificity to
detect the viruses that usually cause ALRTL>*

A limitation of this study was that it was done
in a single site, a tertiary care hospital, so the
complexity of included patients makes it hard to
extrapolate the results to the general population.
The high proportion of comorbidities in these
patients may overestimate RSV symptoms and
severity when complications are analyzed.
Therefore, considering that this is a hospital-based
study, it is not possible to infer results in the
general population because it is not representative
of it. In this study, only the presence of heart
disease was associated with fatality among
preterm infants according to the multivariate
analysis; however, these results may differ from
those of large-scale studies or those with a higher
number of events.

The only available method of prophylaxis
against RSV is palivizumab, which is useful to
prevent severe RSV disease among extremely
preterm infants or those with congenital heart

disease or chronic obstructive pulmonary
disease.® Approximately 60 strategies are being
developed between vaccines and RSV humanized
monoclonal antibodies; of these, 16 are being
investigated in phase 1-3 trials.>"*2

CONCLUSIONS

To conclude, RSV showed a seasonal epidemic
pattern (May-July) and affected preterm infants
with certain comorbidities, leading to a more
severe condition, more complications, and a
higher fatality rate than in term infants. RSV
fatality among preterm infants was associated
with congenital heart disease.

These epidemiological data, together with
ongoing global studies, will be crucial to work
on the prevention of RSV infection with specific
vaccines, optimize immunization schedules and
age groups, and then assess their effectiveness
and, thus, tighten health policies. B
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